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(54) Flexible connection control femtocell access point (FAP) device of small cell and method of 
driving the same

(57) A flexible connection control femtocell access
point device (100) of a small cell and a method of driving
the same are provided. A maximum system load is used
and network efficiency is maximized by calculating a sys-
tem load occurring when a mobile station (UE) is newly
connected according to the type of services that user
equipments, that is, mobile stations, in a small cell, such
as a femtocell, desire to use, comparing the calculated
system load and the maximum system load, and deter-
mining whether to limit connection of the mobile station.
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Description

BACKGROUND

1. Field of the Invention

[0001] The present invention relates to a femtocell ac-
cess point (FAP) device of a small cell, and more partic-
ularly, to a flexible connection control FAP device of a
small cell which uses a maximum system load and max-
imizes network efficiency by calculating a system load
occurring when a mobile station newly connects accord-
ing to service types that the mobile stations, such as user
equipments (UEs), in a small cell of a femtocell, etc.,
desire to use, comparing the calculated system load and
a maximum system load, and determining and controlling
whether to limit connection of the mobile station, and a
method of driving the same.

2. Discussion of Related Art

[0002] A small cell is a base station which covers an
area smaller than that of a mobile communication base
station, and has a relatively low data process capacity
compared to a macro base station. In an access point
(AP) for the small cell, since the maximum number of
users is set, phenomena of malfunctioning and decline
in communication quality due to data service capacity
excess of the AP are prevented. However, in convention-
al technology for limiting connection by limiting the max-
imum number of users, even when the number of con-
nected users reaches the maximum number of users,
data service capacity of an actual system does not reach
the maximum number of users. For example, even if the
number of connected users reaches the maximum
number of users, when there are a plurality of voice over
Long Term Evolution (VoLTE) users using only small
amounts of data among the number of connected users,
connection request of the mobile station is limited even
when the data service capacity of the system is sufficient-
ly empty. To improve the inefficiency, a method of flexibly
controlling the maximum number of users based on the
system load is needed.
[0003] As one example of background technology of
the present invention, technology for authenticating mo-
bile units attached in a femtocell communicating with a
secure core network, such as an internet protocol multi-
media subsystem (IMS), is disclosed in International
Publication No. WO 2009/045317 as shown in FIG. 1.
The technology relates to a method of communicating
with the secure core network, such as the IMS network,
and includes receiving a global challenge including infor-
mation indicating a random number from a femtocell, and
in a first secure entity of the IMS network, receiving an
authentication response calculated by the mobile unit
based on the random number and a first key announced
by a mobile unit and not announced by the femtocell, and
determining whether the random number is a legitimate

number provided to the femtocell by the IMS network.
[0004] Other background technology of the present in-
vention relates to a mobility management method for a
third generation Long Term Evolution (LTE) system using
a load dispersion-based adaptive handover shown in
FIG. 2. The technology includes determining a load con-
dition of a cell which is currently in service; when the load
condition of the cell which is currently in service is an
overload condition, calculating a handover hysteresis
threshold of each of adjacent cells according to the
handover hysteresis threshold of the cell which is cur-
rently in service and the load condition of the adjacent
cells, for each of the adjacent cells of the cell which is
currently in service; transmitting the calculated handover
hysteresis threshold of each of the adjacent cells from
the cell which is currently in service to user equipments
(UEs) which are serviced; and performing a handover
operation that a UE satisfying a condition that a difference
between reception signal strength by at least one among
the adjacent cells and the reception signal strength by
the cell which is currently in service be larger than the
handover hysteresis threshold of the at least one adja-
cent cell among the UEs handed over from the cell which
is currently in service to the at least one among the ad-
jacent cells.
[0005] This research was conducted as part of the Ko-
rea Communications Agency’s "Development of com-
bined control management systems for wired/wireless
equipment based on OpenFlow."

SUMMARY OF THE INVENTION

[0006] The invention is defined in claims 1, 8 and 13,
respectively. Particular embodiments are set out in the
dependent claims.
[0007] The present invention is directed to a femtocell
access point (FAP) device of a small cell and a method
of driving the same which flexibly control connection of
a mobile station by classifying user equipments (UEs),
that is, mobile stations according to the type of services,
such as a voice over Long Term Evolution (VoLTE) serv-
ice, a packer switch video telephony (PSVT) service, and
a normal packet service (PS) that the mobile stations
desire to use in a small cell, such as a femtocell, etc.
[0008] Further, the present invention is directed to an
FAP device of a small cell and a method of driving the
same which classify the type of services of mobile sta-
tions using a quality of service (QoS) classifier identifier
(QCI) value allocated in each of evolved packet system
(EPS) bearers, and control whether to permit connection
or service of a new mobile station based on a system
load limit occurring whenever each of the mobile stations
in the cell is newly connected or transfers service type.
[0009] Moreover, the present invention is directed to
an FAP device of a small cell and a method of driving the
same which preserve service continuity by permitting and
releasing connection of a new mobile station considering
order of priority according to the type of services when
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the FAP device has a maximum system load.
[0010] According to an aspect of the present invention,
there is provided a flexible connection control FAP device
of a small cell comprising an LTE link and providing
VoLTE, PSVT, and normal PS services to mobile stations
connected to the small cell, the flexible connection control
FAP device including: a controller; a UE interface con-
nected to the controller; a UL interface configured to con-
nect an LTE FAP to an MME through the LTE link; and
an FAP access unit for an FAP service, wherein the con-
troller comprises: an S1AP message buffer configured
to store an S1AP message of an E-RAB for setup,
change, or release of a service; a system load data mem-
ory configured to store system load related information
of the LTE FAP; and a mobile station service type mem-
ory including a VoLTE memory, a PSVT memory, and a
normal PS memory configured to store information on
mobile stations to which the LTE FAP is providing a serv-
ice according to the type of the VoLTE, PSVT, and normal
PS services, wherein the controller determines and con-
trols connection of a mobile station by comparing a cal-
culated system load and a maximum system load after
calculating a system load when the mobile station is new-
ly connected or transfers the type of service according
to the type of the services that the mobile stations desire
to use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent to those of ordinary skill in the art by describing
in detail exemplary embodiments thereof with reference
to the accompanying drawings, in which:

FIG. 1 is a diagram for explaining a method of au-
thenticating mobile units attached to a femto-
cell for communication with a secure core net-
work such as an Internet protocol multimedia
subsystem (IMS) according to background
technology of the prevent invention;

FIG. 2 is a diagram for explaining a mobility man-
agement method for a third generation Long
Term Evolution (LTE) system using a load
dispersion-based adaptive handover accord-
ing to other background technology of the pre-
vent invention;

FIG. 3 is a diagram illustrating an example of a con-
struction of a femtocell access point (FAP) for
a small cell;

FIG. 4 is a diagram illustrating an example of a con-
struction of a small cell configured as an
evolved universal terrestrial radio access net-
work (E-UTRAN) and an FAP of Third Gen-
eration Partnership Project (3GPP);

FIG. 5 is a table showing service types provided in
a small cell configured as an FAP according
to the present invention;

FIG. 6 is a diagram illustrating a construction of a
flexible connection control FAP device of a
small cell according to an embodiment of the
present invention;

FIG. 7 is a diagram illustrating a mechanism of cal-
culating a system load occurring when a mo-
bile station is newly connected to an LTE FAP
or transfers service according to one embod-
iment of the present invention;

FIG. 8 is a diagram illustrating a mechanism of cal-
culating a system load occurring when a mo-
bile station is newly connected to an LTE FAP
or transfers service according to another em-
bodiment of the present invention;

FIG. 9 is a flowchart for explaining a method of driv-
ing an LTE FAP using a flexible connection
control FAP device of a small cell according
to an embodiment of the present invention;

FIG. 10 is a table showing a request message accord-
ing to connection of a new mobile station and
a hand in request with respect to an LTE FAP,
and information for extracting a service type
with respect to the new mobile station accord-
ing to an embodiment of the present inven-
tion;

FIG. 11 is a table showing a content of a quality of
service (QoS) class identifier (QCI) pre-
scribed in a 3GPP TS 23.203 V12.2.0
(2013-09) according to an embodiment of the
present invention;

FIG. 12 is a table showing an example of QCI values
for extracting a service type for a new mobile
station according to an embodiment of the
present invention;

FIG. 13 is a table showing a service type transfer proc-
ess relationship of a mobile station connected
to an LTE FAP and provided with a service
according to an embodiment of the present
invention; and

FIG. 14 is a table showing a service type transfer rule
of a mobile station currently connected to an
LTE FAP and provided with a service accord-
ing to an embodiment of the present inven-
tion.
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DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0012] A flexible connection control femtocell access
point device of a small cell and a method of driving the
same are provided. A maximum system load is used and
network efficiency is maximized by calculating a system
load occurring when a mobile station is newly connected
according to the type of services that user equipments,
that is, mobile stations, in a small cell, such as a femtocell,
desire to use, comparing the calculated system load and
the maximum system load, and determining whether to
limit connection of the mobile station.
[0013] The following description is provided to illustrate
the principles of the present invention. Accordingly, even
though not described clearly or not illustrated herein,
those of ordinary skill in the art embody the principles of
the present invention and invent various apparatuses in-
cluded in concepts and scope of the present invention.
Every terms and exemplary embodiments described
herein is provided to assist the reader in gaining a com-
prehend understanding of concept of the present inven-
tion, and is not intended to limit to the concept of the
present invention. Further, descriptions described spe-
cific exemplary embodiments as well as principles, as-
pects and embodiments of the present invention should
be intended to include structural and functions equiva-
lents.
[0014] Exemplary embodiments of the present inven-
tion will be described in detail below with reference to the
accompanying drawings. While the present invention is
shown and described in connection with exemplary em-
bodiments thereof, when it will be determined that de-
tailed descriptions with respect to related disclosure tech-
nology unnecessarily obscure the concept of the present
invention, the detailed descriptions will be omitted. Here-
inafter, exemplary embodiments will be described in de-
tail with reference to accompanying drawings.
[0015] FIG. 3 is a diagram illustrating an example of a
construction of a femtocell access point (FAP) for a small
cell, and illustrates a construction of an evolved universal
terrestrial radio access network (E-UTRAN) and the FAP
of Third Generation Partnership Project (3GPP).
[0016] A mobile station in which user equipments
(UEs) are included is connected to a core network
through an access network. The access network includes
a 3G link which is a radio network subsystem (RNS) in-
cluding an eNodeB and a radio network controller (RNC)
which is a network controller of the eNodeB, and a Long
Term Evolution (LTE) link which is a home eNode sub-
system (HeNS).
[0017] In FIG. 3, the HeNS includes an LTE FAP to
which the UEs are connected wirelessly, a security gate-
way (SeGW), and a HeNS gateway (GW) for connecting
a plurality of LTE FAPs to a core network. The SeGW
operates and manages the LTE FAP by a HeNB man-
agement system (HeMS). The core network includes a
mobile mobility entity (MME), and is provided with a pack-

et service such as Internet, etc.
[0018] FIG. 4 is a diagram illustrating an example of a
construction of a small cell configured as an E-UTRAN
of 3GPP and an FAP. UEs are provided with services for
the UEs by being connected to an MME through a dual
path of an RNS and an LTE link of a HeNS configured
as an FAP.
[0019] FIG. 5 is a table showing service types provided
in a small cell configured as an FAP according to the
present invention. A small cell of 3GPP provides a service
such as a voice over LTE (VoLTE), packet switch video
telephony (PSVT), and a normal packet service (PS) with
a mobile station connected to a small cell. The VoLTE
service is provided as a real time protocol (RTP) voice
call, and the PSVT service is provided as an RTP video
call. Further, the normal PS is provided with the mobile
station connected to the small cell as a protocol of a trans-
mission control protocol-hypertext transfer protocol
(TCP-HTTP) or a transmission control protocol-file trans-
fer protocol (TCP-FTP). Accordingly, a data load provid-
ed with the mobile station connected to the small cell
increases in the order of VoLTE, PSVT, and normal PS
service. Accordingly, when a plurality of users provided
with the VoLTE and PSVT service are connected to a
base station, connection of the mobile station is not per-
mitted even when data service capacity of a system is
sufficiently empty.
[0020] FIG. 6 is a diagram illustrating a construction of
a flexible connection control FAP device of a small cell
according to an embodiment of the present invention. An
FAP device according to an embodiment of the present
invention calculates a system load occurring when a mo-
bile station is newly connected or transfers service ac-
cording to the type of services such as the VoLTE, PSVT,
or normal PS service that mobile stations, that is, UEs,
desire to use, compares the calculated system load and
a maximum system load, and determines and controls
whether to limit connection of the mobile station. An LTE
FAP 100, as the FAP device according to an embodiment
of the present invention, includes a controller 108, a UE
interface unit 102 connected to the controller 108, an up
link interface unit 106 for connecting the LTE FAP 100
to an MME through an LTE link, and an FAP access unit
104 for an FAP service. The controller 108 includes an
S1 interface application protocol (S1AP) message buffer
110 for storing an S1AP message of an E-UTRAN radio
access bearer (E-RAB) for setup, change, or release of
a service, a system load data memory 112 for storing
system load related information of the LTE FAP 100, and
a mobile station service type memory 114 including a
normal PS memory 114a, a PSVT memory 114b, and a
VoLTE memory 114c for storing information of the mobile
stations to which the LTE FAP 100 provides service ac-
cording to the type of services, such as the normal PS,
PSVT, and VoLTE services.
[0021] The information of the mobile stations including
the number of mobile stations which are currently in serv-
ice is stored as the information of the mobile stations

5 6 



EP 2 906 015 A2

5

5

10

15

20

25

30

35

40

45

50

55

according to the type of services such as the normal PS,
PSVT, and VoLTE services in the mobile station service
type memory 114 with reference to information of the
S1AP message buffer 110 by the controller 108.
[0022] FIG. 7 is a diagram illustrating a mechanism of
calculating a system load occurring when a mobile station
is newly connected to an LTE FAP or a service is switched
according to one embodiment of the present invention.
Information N1, N2, and N3 related to the number of mo-
bile stations, that is, UEs, which are currently in service
is updated and stored as the information of mobile sta-
tions according to the type of services, such as the
VoLTE, PSVT, and normal PS services, in the mobile
station service type memory 114 according to an embod-
iment of the present invention shown in FIG. 6 by the
controller 108 when a mobile station is newly connected
or transfers service. Further, weights W1, W2, and W3
determined according to the system load by each mobile
station according to the type of services, such as the
VoLTE, PSVT, and normal PS services, and a system
load limit Lmax are stored in the system load data mem-
ory 112 according to an embodiment of the present in-
vention.
[0023] When a mobile station is newly connected or
transfers service, the controller 108 calculates a system
load by multiplying each piece of information N1, N2, and
N3 related to the number of mobile stations which are
currently in service, that is, UEs which are in service, and
each of the weights W1, W2 and W3, compares the cal-
culated system load and the system load limit Lmax, and
determines a remaining load.
[0024] As an example of calculating the system load,
when the LTP FAP 100, as the FAP device of the present
invention, has a system load capable of providing a serv-
ice for 100 mobile stations when only the VoLTE service
is provided, for 50 mobile stations when only the PSVT
service is provided, or for 10 mobile stations when only
the normal PS is provided, supposing that the weight W3
per mobile station of the normal PS with the greatest load
is converted into 1.0, the weight W1 per a mobile station
of the VoLTE service is 0.1 and the weight W2 per a
mobile station of the PSVT service is 0.5. For each case,
the system load limit Lmax is converted into 10 by mul-
tiplying the number of mobile stations and the weight ac-
cording to the type of services, such as the VoLTE, PSVT,
and normal PS services.
[0025] When the number N1, N2, and N3 of mobile
stations with respect to each of the VoLTE, PSVT, and
normal PS services is 10, 5, and 2, the system load is
converted into N13W1+N23W2+N33W3 = 1+2.5+2 =
5.5, and a remaining load is calculated as 4.5 with respect
to the system load limit Lmax = 10. Accordingly, the LTE
FAP 100 which is currently in service may provide a serv-
ice for 45 mobile stations when additionally providing only
the VoLTE service, for 9 mobile stations when addition-
ally providing only the PSVT service, for 4 mobile stations
(fewer than 4.5 mobile stations) when additionally pro-
viding only the normal PS, or provide the VoLTE, PSVT,

and normal PS service within the remaining load smaller
than 4.5.
[0026] FIG. 8 is a diagram illustrating a mechanism of
calculating a system load occurring when a mobile station
is newly connected to an LTE FAP or a service is switched
according to another embodiment of the present inven-
tion. In an example shown in FIG. 8, change of a system
load occurring when a mobile station is newly connected
or transfers service is applied to the LTE FAP 100 rep-
resenting the number of mobile stations and non-linear
characteristics according to the type of services, such as
the VoLTE, PSVT, and normal PS services. The LTE
FAP 100 representing the non-linear characteristics may
be applied to an LTE FAP in which a load of an additional
processor is included by allocating an additional mes-
saging or reporting function when the mobile station is
newly connected and transfers the service.
[0027] As described in FIG. 6, the number N1, N2, and
N3 of mobile stations which are currently in service is
updated and stored as information of the mobile stations
according to the type of services, such as the VoLTE,
PSVT, and normal PS services, in the mobile station serv-
ice type memory 114 according to an embodiment of the
present invention by the controller 108 when the mobile
station is newly connected and transfers the service. At
this time, percentages P1, P2 and P3 of the system load
determined by the number of mobile stations according
to the type of services, such as the VoLTE, PSVT, normal
PS services, are stored as system load related informa-
tion in the system load data memory 112 according to an
embodiment of the present invention. The percentages
P1, P2, and P3 are values which are previously calculat-
ed or measured according to the VoLTE, PSVT, and nor-
mal PS services and the number of mobile stations, are
stored in the system load data memory 112 by construct-
ing a lookup table (LUT), and are referred by the controller
108.
[0028] When the mobile station is newly connected and
transfers the service, the controller 108 finds a system
load by adding the number N1, N2, and N3 of mobile
stations according to the type of services, such as the
VoLTE, PSVT, and normal PS services which are cur-
rently in service and the percentages P1, P2, and P3
stored in the system load data memory 112, respectively,
compares the system load and the system load limit by
setting a system load limit as 100%, and determines a
remaining load.
[0029] FIG. 9 is a flowchart for explaining a method of
driving an LTE FAP as a flexible connection control FAP
device of a small cell according to an embodiment of the
present invention. Hereinafter, a method of driving an
LTE FAP will be described in steps.
[0030] A service of the LTE FAP 100 is started (S1000).
[0031] The controller 108 of the LTE FAP 100 monitors
whether there is change of a mobile station according to
connection of a new mobile station or a hand in request
from another LTE FAP (S1100). If not, the controller 108
continuously proceeds to step S1100 of monitoring
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whether there is the change of the mobile station.
[0032] When there is the change of the mobile station
in step S1100, the controller 108 extracts and classifies
the type of service, such as the VoLTE, PSVT service,
or normal PS, for the new mobile station (S1200).
[0033] The controller 108 of the LTE FAP 100 calcu-
lates a system load when the controller 108 provides the
extracted service type in the cell (S1300).
[0034] In step S1300, the controller 108 compares the
calculated system load and a system load limit, and de-
termines whether the calculated system load exceeds
the system load limit (S 1400).
[0035] In step S 1400, if the calculated system load
does not exceed the system load limit, the controller 108
connects the new mobile station to the LTE FAP 100,
provides a service (S2000), and proceeds to step S1100
of monitoring whether there is the change of the mobile
station.
[0036] In step S 1400, if the calculated system load
exceeds the system load limit, the controller 108 search-
es for other mobile station being provided with a service
type having a lower order of priority than the service type
of the new mobile station among the mobile stations
which are currently connected to the LTE FAP 100 and
provided with the VoLTE, PSVT, or normal PS service
(S1600).
[0037] In step 1600, if there is no mobile station being
provided with a service type having a lower order of pri-
ority than the service type the new mobile station, the
controller 108 releases connection and service for the
new mobile station (S1900), and proceeds to step S1100
of monitoring whether there is the change of the mobile
station.
[0038] In step S1600, when if there is other mobile sta-
tion being provided with a service type having a lower
order of priority than the service type of the new mobile
station, the controller 108 releases the connection and
service with respect to the other mobile station being pro-
vided with the service type having the lower order of pri-
ority than the service type the new mobile station (S
1700).
[0039] The controller 108 connects the new mobile sta-
tion to the LTE FAP 100 (S 1800), and proceeds to step
S1100 of monitoring whether there is the change of the
mobile station.
[0040] Step 1700 of releasing the connection and serv-
ice with respect to the other mobile station being provided
with the service type having the lower order of priority
than the service type the new mobile station is performed
after the connection and service with respect to the other
mobile station are completed, and the controller 108 con-
nects the new mobile station to the LTE FAP 100 and
provides a service (S 1800).
[0041] In step S1600 of searching for the other mobile
station being provided with the service type having the
lower order of priority than the service type of the new
mobile station among the mobile stations which are cur-
rently connected to the LTE FAP 100 and provided with

the VoLTE, PSVT, or normal PS services, the controller
108 sets the order of priority in decreasing order of the
VoLTE, PSVT, normal PS service, and determines the
order of priority.
[0042] FIG. 10 is a table showing a request message
according to connection of a new mobile station and a
hand in request with respect to an LTE FAP and infor-
mation for extracting a service type with respect to the
new mobile station according to an embodiment of the
present invention. The request message is an S1AP
message of an E-RAB occurring whenever there is con-
nection of a new mobile station or a hand in request from
another LTE FAP 100, and the S1AP message is trans-
ferred from an MME to the LTE FAP 100. The S1AP
message is stored in the S1AP message buffer 110 by
the controller 108 of the LTE FAP 100, and the controller
108 determines the service type according to the con-
nection of the new mobile station or a hand in request
from the stored S1AP message as a QCI included in the
message.
[0043] FIG. 11 is a table showing content of a quality
of service (QoS) class identifier (QCI) regulated in 3GPP
TS 23.203 V12.2.0 (2013-09) according to an embodi-
ment of the present invention. The QCI is defined from
QCI1 to QCI9, and each value of the QCIs indicates an
order of priority and service. The present invention ex-
tracts the type of service with respect to a new mobile
station from a message for connection of the new mobile
station and a hand in request using the QCI values.
[0044] FIG. 12 is a table showing an example of QCI
values for extracting a service type with respect to a new
mobile station from a request message for connection of
the new mobile station or a hand in request according to
an embodiment of the present invention.
[0045] Since the request message according to the
connection of the new mobile station and the hand in
request with respect to the LTE FAP 100 is an S1AP
message of an E-RAB whenever there is the connection
of the new mobile station or a hand in request from an-
other LTE FAP and the S1AP message is transferred
from an MME, the controller 108 finds a VoLTE service
of an RTP voice call when the QCI of the E-RAB is QCI1,
a PSVT service of an RTP video call when the QCI of
the E-RAB is QCI1 for a voice and QCI2 for a video, and
a normal PS service when the QCI of the E-RAB is QCI6.
[0046] FIG. 13 is a table showing a service type transfer
process relationship of a mobile station connected to an
LTE FAP and being provided with a service according to
an embodiment of the present invention. The controller
108 of the LTE FAP 100 of the present invention for a
service type transfer process continuously monitors E-
RAB setup and E-RAB release messages while the con-
nected mobile station is being provided with the service.
[0047] When the currently connected mobile station is
provided with the normal PS service, the service of the
currently connected mobile station is transferred to a
VoLTE service when QCI1 is received as the E-RAB set
message, and to a PSVT service when QCI1 and QCI2
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are received as the E-RAB set message. When the cur-
rently connected mobile station is provided with the PSVT
service, the service of the currently connected mobile
station is transferred to the VoLTE service when QCI2 is
received as the E-RAB release message, and to the nor-
mal PS service when QCI1 and QCI2 are received as
the E-RAB release message. When the currently con-
nected mobile station is provided with the VoLTE service,
the service of the currently connected mobile station is
transferred to the PSVT service when QCI2 is received
as the E-RAB setup message, and to the normal PS serv-
ice when QCI1 is received as the E-RAB release mes-
sage.
[0048] FIG. 14 is a table showing a service type transfer
rule of a mobile station currently connected to an LTE
FAP and provided with a service according to an embod-
iment of the present invention. A service type transfer
rule of the present invention always permits a service
transfer when a system load decreases, and again con-
nects to the LTE FAP 100 at the time point at which the
normal PS service is started after performing an RRC
connection release operation at the time point at which
a voice or video call ends when the VoLTE or PSVT serv-
ice is transferred to the normal PS service. Meanwhile,
when the VoLTE service is transferred to the PSVT serv-
ice, the RRC connection release operation is not per-
formed since communication has to continue. Accord-
ingly, when transferring a service type, the service type
transfer rule calculates an estimated system load, per-
mits transfer of a service type after releasing one mobile
station being provided with the normal PS service when
the estimated system load is greater than a maximum
system load, and does not permit transfer of the service
type but releases the mobile station when there is no
mobile station being provided with the normal PS service.
Further, when a mobile carrier has an LTE service fre-
quency band other than a frequency band which is cur-
rently in service in a small cell, the service type transfer
rule performs a redirection operation of a release mobile
station through a corresponding frequency. When the
mobile carrier provides a service of radio access tech-
nology (RAT) such as 3G, etc., the service type transfer
rule performs the redirection operation of the release mo-
bile station through a frequency which is in service of a
corresponding RAT. The redirection operation may be
implemented by adding a RedirectedCarrierInfo field to
an RRC connection release message transferred to the
mobile station when releasing the mobile station.
[0049] As described above, according to the flexible
connection control FAP device of the small cell and the
method of driving the same of the present invention, the
present invention classifies UEs, that is, mobile stations,
according to the type of services, such as the VoLTE,
and PSVT services, and normal PS, that mobile stations
desire to use in the small cell such as the femtocell, etc.
to control the connection of mobile stations, controls
whether to permit the connection and service of each
mobile station based on the system load limit that occurs

whenever each mobile station in the small cell is newly
connected or transfers the type of service, and when the
LTE FAP device has a maximum system load, preserves
service continuity by considering an order of priority ac-
cording to the type of services and performing connection
admission and release operations.
[0050] According to the flexible connection control FAP
device of the small cell and the method of driving the
same of the present invention, the present invention per-
forms flexible control to permit connection of a new mo-
bile station according to the type of services, such as
VoLTE, PSVT, and normal PS services, which mobile
stations desire to use.
[0051] Further, the present invention classifies the type
of service using a QCI value allocated with respect to
each of EPS bearers, performs control to permit connec-
tion or service of a new mobile station based on a system
load limit occurring due to mobile stations in the small
cell, and increases service efficiency of an FAP device.
[0052] Moreover, the present invention preserves
service continuity by considering an order of priority ac-
cording to the type of services and performing connection
admission and release operations when the FAP device
has a maximum system load.
[0053] It will be apparent to those skilled in the art that
various modifications can be made to the above-de-
scribed exemplary embodiments of the present invention
without departing from the scope of the invention.

Claims

1. A flexible connection control FAP device (100) of a
small cell comprising an LTE link and providing
VoLTE, PSVT, and normal PS services to mobile
stations (UE) connected to the small cell, the flexible
connection control FAP device (100), comprising:

a controller (108);
a UE interface (102) connected to the controller
(108);
a UL interface (106) configured to connect an
LTE FAP to an MME through the LTE link; and
an FAP access unit (104) for an FAP service,
wherein the controller (108) comprises:

an S1AP message buffer (110) configured
to store an S1AP message of an E-RAB for
setup, change, or release of a service;
a system load data memory (112) config-
ured to store system load related informa-
tion of the LTE FAP; and
a mobile station service type memory (114)
including a VoLTE memory (114c), a PSVT
memory (114b), and a normal PS memory
(114a) configured to store information on
mobile stations to which the LTE FAP is pro-
viding a service according to the type of the
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VoLTE, PSVT, and normal PS services,
wherein the controller (108) is configured to
determine and control a connection of a mo-
bile station by comparing a calculated sys-
tem load and a maximum system load after
calculating a system load when the mobile
station is newly connected or transfers the
type of service according to the type of the
services that the mobile stations desire to
use.

2. The flexible connection control FAP device (100) of
a small cell of claim 1, wherein the mobile station
service type memory (114) comprises the VoLTE
memory (114c), PSVT memory (114b), and normal
PS memory (114a) configured to store the mobile
station information including the number of mobile
stations (UEs) which are currently in service accord-
ing to the type of the VoLTE, PSVT, and normal PS
services with reference to information of the S1AP
message buffer by the controller (108).

3. The flexible connection control FAP device (100) of
a small cell of claim 1 or 2, wherein
the mobile station service type memory (114) is con-
figured to update and store the number of mobile
stations (UEs) which are currently in service as the
mobile station information according to the type of
the VoLTE, PSVT, and normal PS services by the
controller when the mobile station is newly connect-
ed or transfers the type of service, and
the system load data memory (112) is configured to
store weights determined using the system load ac-
cording to the type of the VoLTE, PSVT, and normal
PS services and a system load limit as the system
load related information of the LTE FAP.

4. The flexible connection control FAP device (100) of
a small cell of claim 3, wherein the controller (108)
is configured
to calculate the system load by multiplying the
number of mobile stations (UEs) which are currently
in service and each of the weights according to the
type of the VoLTE, PSVT, and normal PS services
when the mobile stations are newly connected or
transfer the type of service, and
to determine a remaining load by comparing the sys-
tem load limit and the calculated system load.

5. The flexible connection control FAP device (100) of
a small cell of any of the preceding claims, wherein
the mobile station service type memory (114) is con-
figured to update and store the number of mobile
stations (UEs) which are currently in service accord-
ing to the type of the VoLTE, PSVT, and normal PS
services as the mobile station information by the con-
troller (108) when the mobile station is newly con-
nected or transfers the type of service, and

the system load data memory (112) is configured to
store percentages of the system load determined by
the number of mobile stations according to the type
of the VoLTE, PSVT, and normal PS services as the
system load related information of the LTE FAP.

6. The flexible connection control FAP device (100) of
a small cell of claim 5, wherein the percentages of
the system are stored in the system load data mem-
ory (112) by constructing an LUT of values which are
previously calculated or measured according to the
VoLTE, PSVT, normal PS services and the number
of mobile stations.

7. The flexible connection control FAP device (100) of
a small cell of claim 5 or 6, wherein the controller
(108) is configured to
find the system load by adding the number of mobile
stations (UEs) which are currently in service accord-
ing to the type of the VoLTE, PSVT, and normal PS
services when the mobile station is newly connected
or transfers the type of service and each of the per-
centages of the system load stored in the system
load data memory,
compare the added value and the system load limit
by setting the system load limit to 100%, and
determine the remaining system load.

8. A method of driving an FAP device (100) comprising
an LTE link and providing VoLTE, PSVT, and normal
PS services to mobile stations (UEs) connected to
a small cell, the method, comprising:

starting a service of an LTE FAP;
monitoring whether the mobile stations (UEs)
are changed according to connection of a new
mobile station or a hand in request from another
LTE FAP, or change of a service type by a con-
troller (108) of the LTE FAP, and if not, contin-
uously monitoring;
in the monitoring of whether the mobile stations
(UEs) are changed, if the mobile stations are
changed, extracting and classifying the type of
the VoLTE, PSVT, and normal PS services for
the new mobile station;
calculating the system load when the extracted
service type is provided in the small cell by the
controller (108) of the LTE FAP;
comparing the calculated system load and a sys-
tem load limit, and determining whether the cal-
culated system load exceeds the system load
limit by the controller (108) of the LTE FAP; and
if the calculated system load is determined not
to exceed the system load limit, connecting the
new mobile station to the LTE FAP and providing
a service, and proceeding to the monitoring of
whether the mobile stations are changed by the
controller (108),
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wherein the method includes determining and
controlling connection of a mobile station (UE)
by comparing a calculated system load and a
maximum system load after calculating a sys-
tem load when the mobile station is newly con-
nected or transfers the type of service according
to the type of services that the mobile stations
desire to use.

9. The method of driving an FAP device (100) of claim
8, wherein the determining of whether the calculated
system load exceeds the system load limit compris-
es:

when the calculated system load exceeds the
system load limit, searching for other mobile sta-
tion being provided with a service type having a
lower order of priority than a service type of the
new mobile station among mobile stations (UEs)
which are currently connected to the LTE FAP
and provided with the VoLTE, PSVT, or normal
PS service by the controller (108); and
when there is no mobile station being provided
with the service type having a lower order of pri-
ority than the service type of the new mobile sta-
tion in the searching for the other mobile station,
releasing the connection and service with re-
spect to the new mobile station and proceeding
to the monitoring of whether the mobile stations
are changed.

10. The method of driving an FAP device (100) of claim
8 or 9, wherein the searching of the other mobile
station (UE) comprises:

when there is the other mobile station being pro-
vided with the service type having the lower or-
der of priority than the service type of the new
mobile station, releasing the connection and
service with respect to the other mobile station
being provided with the type of service having
the lower order of priority than the service type
of the new mobile station; and
connecting the new mobile station to the LTE
FAP and providing a service by the controller,
and proceeding to the monitoring of whether the
mobile stations are changed.

11. The method of driving an FAP device (100) of claim
10, wherein the releasing of the connection and serv-
ice with respect to the other mobile station being pro-
vided with the type of service having the lower order
of priority than the service type of the new mobile
station comprises:

connecting the new mobile station to the LTE
FAP and providing the service by the controller
after the connection and service with respect to

the other mobile station being provided with the
type of service having the lower order of priority
than the service type of the new mobile station
ends.

12. The method of driving an FAP device (100) of claim
9, 10 or 11, wherein the searching for the other mo-
bile station being provided with a service type having
the lower order of priority than a service type of the
new mobile station among the mobile stations con-
nected to the LTE FAP and being provided with the
service comprises setting the order of priority to a
decreasing order of the VoLTE, PSVT, and normal
PS service, and determining the order of priority.

13. A method of driving an FAP device (100) comprising
an LTE link and providing VoLTE, PSVT, and normal
PS services to mobile stations (UEs) connected to
a small cell, the method comprising:

when a mobile station which is currently con-
nected is provided with the normal PS service,
transferring service of the mobile station which
is currently connected to the VoLTE service
when QCI1 is received as an E-RAB setup mes-
sage and to the PSVT service when QCI1 and
QCI2 are received as the E-RAB setup mes-
sage;
when the mobile station which is currently con-
nected is provided with the PSVT service, trans-
ferring service of the mobile station which is cur-
rently connected to the VoLTE service when
QCI2 is received as an E-RAB release message
and to the normal PS service when QCI1 and
QCI2 are received as the E-RAB release mes-
sage; and
when the mobile station which is currently con-
nected is provided with the VoLTE service,
transferring service of the mobile station which
is currently connected to the PSVT service when
QCI2 is received as the E-RAB setup message
and to the normal PS service when QCI1 is re-
ceived as the E-RAB release message.

14. The method of driving an FAP device (100) of claim
13, further comprising: permitting transfer of a serv-
ice when a system load decreases;
when the VoLTE and PSVT services are transferred
to the normal PS service, reconnecting to the LTE
FAP at the time point at which the normal PS service
is started after performing an RRC connection re-
lease operation at the time point at which a voice or
video call ends;
when the VoLTE service is transferred to the PSVT
service, calculating an estimated system load when
transferring the service type, releasing one mobile
station being provided with the normal PS service
when the estimated system load is greater than a
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maximum system load and permitting transfer of the
mobile station; and
when there is no mobile station being provided with
the normal PS service, not permitting transfer of the
mobile station, and releasing the mobile station.

15. The method of driving an FAP device (100) of claim
13 or 14, further comprising:

when an LTE service is provided through a fre-
quency band other than a frequency band which
is in service in the small cell of the FAP device,
performing a redirection operation for a release
mobile station g to the other frequency band
where LTE service is provided; and
when an RAT service is provided through the
frequency band other than the frequency band
which is in service in the small cell of the FAP
device, performing a redirection operation to the
other frequency band where RAT service is pro-
vided,
wherein the performing of the redirection oper-
ation includes adding a RedirectedCarrierInfo
field to the RRC connection release message
transferred to the mobile station when releasing
the mobile station.
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